To Whom It May Concern:

This document is a critique of “RESPONSE OF LARVAL XENOPUS LAEVIS TO
ATRAZINE: ASSESSMENT OF GROWTH, METAMORPHOSIS, AND GONADAL
AND LARYNGEAL MORPHOLOGY™ by Carr er al. and a review of the findings and
differences in the effects of atrazine in Xenopus laevis as described in
“HERMAPHRODITIC, DEMASCULINIZED I'FROGS AFTER EXPOSURE TO THE
HERBICIDE, ATRAZINE, AT ECOLOGICALLY RELEVANT DOSES. Below I
address several concems with the methods used in the Carr study. In brief, there are
several issues regarding the husbandry and methodology that may explain the differences
in our findings, but there are also concerns regarding normal husbandry and care, and
several 1tems that simply are not clear. Most significantly poor husbandry practices (over
crowding, underfeeding. and unclean water and tanks) in the Carr studv resulted in
animals with poor health (50% or more of the animals do not metamorphose by 80 days.
and those animals that do reach metamorphosis show a negative growth curve and poor
development). Thus the data on development have a limited usefulness and reveal little

about the true effects of atrazine on amphibian growth and development,




Table 1. Brief Summary of differences in experimental treatments

LISAB

Carr et ul.

Amnimal Source
Medium
Atrazine amount
Co-solvent
Larval selection
Replicate #

Exp replicated
Container size
Container type
Tank covercd
Water volume
Larvae per repl
Larval density
Food type

Food amount
Feed frequency
Watcr change
Tank clean

Exp end

Blindness
Time to met

Sex ratio

Laryngeal size

UCB, Nasco {lab reared)

0.1 x Holtfreter’s

0.04-1000 ng

ethanol

apportioned in groups of five
3 per treatment

4 times (including 99XLATZ2)
5 L tank

plastic mouse box

yes

4L

30

30/4L

Purina rabbit chow

increased with growth {.32- 1.6 g)

daily

100%, every 72 hours

cvery 72 hours

after all animals metamorphose

Dosing, lab work and analysis
based on all animals

based on all animals

measured as cross —sect arca

Based on a min of 5 amimals
of each sex per replicate (10
in the PNAS exp).

Xenopus Express (Wild caught)

FETAX

variable

none for atrazine treatments

sorted before hatching

variable {(6-11)

1

vartable (250, 1 L beaker or 10 L aquaria)

variable (glass beakers or glass aguaria)

no/mot reported

variable {100 mls to 4 L)

variable {60-65)

variable 60-65/{100 mi, 2L or 4L}

Nasco Frog Brittle

0.4 g {did nol increase wilth growth)

once per 72 hours

505G every 72 hours (possibly variable)

Never

terminated at day 80 (unspecified number of

larvae euthanized}

dosing only

based only on animals that completed metamorphosis
by day 80 (seems to be aboul 40%)

based only on animals that completed metamorphosts
by day 80 (sccmis to be about 40%)

measured as cross sectional area, but manipulated in
various ways: proportion body weight transformed
by square oot arcsine with some values substituted
with F4n (justification unknown).

variable sample sizes, seems 1o be n =1 per replicate
for females, or some replicates were not satmpled (not
clear).

Table 2. Brief Summary of similarities in experimental treatments

LISAB Carr et al.
Species X. laevis X lgevis
Temperature 21-22°C 21-22°C
Light:dark cycle 12:12 12:12
Aeration continuous continuous
2



SUMMARY

Tables 1 and 2 demonstrate that our experiments are not comparable in any way. The
ONLY similarities arc the species (although different populations), the temperature, light
cycle and the aeration. Certainly, the conclusion that my studics (LISAB) cannot be
rephcated by three studies in two separate laboratories (as stated in the press and to the
EPA) is not warranted. The current paper represents a single experiment, in a single
laboratory at a single University, but coauthored by individuals from several universities.
Further, their studies do not test their own stated hypotheses. There is apparently a
concern over the co-solvent ethanol, yet they do not test atrazine alonc against atrazine +
ethancl 1n any of their treatments. In fact, I have tested atrazine in the presence and
absence of ethanol and there are no interactions with the solvent. In addition, their current
work does not support the hypothesized intcraction between ethanol and atrazine either.
Their FETAX controls and atrazine-treated groups had hermaphrodites, but not their
ethanol treated groups (they did not test atrazine with ethanol). The second concern was
that there was some effect of Holtfreter’s solution. They did not test this question either.
To test the effect of Holtfreter’s my experiment should be replicated with the only
difference being the use of Holtfreter’s vs FETAX. Table 1 clearly shows that the rearing
medium was not the only difference between the LISAB and NSE studies, so no
conclusions can be drawn with regards to the rearing medium. The most likely
explanation for their findings is poor husbandry: dirty tanks, unchanged water, and most
tmportantly, starved animais (see below). Starvation is well known to inhibit growth,
metamorphosis, and sexual differentiation (which explains their background
intersex/undifferentiated controls, absence of atrazine effects, and inability to achicve
100% females with estrogen).

DETAILED ANALYSIS OF CONCERNS WITH THE CARR STUDY
Below I address concern in the order that they appear in the ms.

Page 6, lines 14-16: .. there arc no standardized approaches to assessing developmental
exposure effects on devclopment in X laevis, and differences in strain of animals, the
type of rearing medium vsed, and replicate sample size can add to the normal variability
that 1s associated with differences in testing methodologies.”

Relevance to LISAB studics: All of our protocols and SOPs were received and
approved by Novartis/Syngenta/Ecorisk. So, in fact, there are “standardized
approaches™. It 1s not clear why they deviated (see Table 1) from every aspect of
the established protocols and SOPs (see below). Further, if the intention was to
test parameters such as strain, rearing medium, and replicate size, then why were
all paramcters changed with no controls? Changing all of the husbandry and
dosing patterns makes it impossible to replicate LISAB studies and impossible to
test any one factor.

Husbandry and Care Cencerns: Many of the husbandry practices do not promote
growth and development of larvae,




General Concerns/Questions: Carr ¢f al. used untested non-standardized
husbandry practices. The many parameters that have been altered make it
impossible to evaluate their results, let alone compare 1o LISAB studies.

Page 7, line 16-17: “Scxually mature male and female X. Jaevis imported from South
Africa were purchased from Xenopus Express”

Relevance to LISAB studies: A different vendor was used for animal purchase.
LISAB sources (as cited in PNAS) were from UCB or from NASCO Inc. (hoth
sources are laboratory reared for more than five gencrations). Different
populations may have different sensitivities to atrazine. Further, the source used
by Carr et al. is from South Africa. Sources suggest that atrazine Ievels are very
high in many aquatic habitats in South Africa. Ongoing studies by LISAB
examine whether historically exposed populations may develop atrazine-
resistance, It is very possible that animals from this wild population display
atrazine resistance and would not show the same sensitivity. The authors were
obviously aware of NASCO, because they used this company as a food source. In
addition, many times (more than six per year) [ offered to supply the authors with
animals from the UCB colony free of charge. In, fact, on several occasions I
suggested that we each share embryos so that we would work on the same
animals. So why did they choose not to obtain animals from NASCOQ (or from
me), which would allow comparisons between their study and LISAB?
Husbandry and Care Concerns: None

General Concerns/Questions: This source is not commonly used. I am curious
why imported animals from an unknown source and history were used. Where in
South Africa were they collected, what habitat, history of contaminant exposure,
ete? More common sources are NASCO, XENOPUS 1.

Page 8, lines 3-5: “Starting on posthatch day 5, larvae were fod 0.4 grams of powdered
frog brittle (Nasco, Ft. Atkinson, W1)...every 72 h”

Relevance to LISAB studies: Animals were starved for the first five days and a
different food and a different amount of food was used. Food type alone can
affect growth and development (Kupferberg, *97; Buchholz and Hayes, *00).
Some differences in food content are shown below. In addition, the Nasco frog
brittle contains animal meal whereas the Purina rabbit chow is plant-based (but
does contain animal fat). Further, our work on another species (Buchholz and
Hayes, "00) showed that Purina rabbit chow promoted better growth and
development when compared with a fish flake food with a composition similar to
Nasco frog brittle (Table 1). Thus, it is possible that the quality of the food, in
addition to the low amount and frequency of feeding contributed to poor growth
and metamorphosis (discussed later).




Table 3. Nutritional content of tadpole food

Nasco Frog Brittle  Purina Rabbit Chow Tetramin Fish Flakes

Protein 44%, 14% 46%
Crude Fiber 2% 18.8% 2%
Fat 6% 1.5% 7%

Furthermore, the animals were fed less frequently than in the LISAB study. In the
LISAB study, animals were fed daily, but larvae were fed once every 72 hours
only in the Carr study. Also, we fed larvac a prescribed increasing amount of food
to match the growth of the animals (LISAB SOP#30). By day 17 post-hatching,
we fed 30 tadpoles 1.6 g ground rabbit chow every day, compared with 0.4 g per
60 tadpoles once every three days in the Carr study. Thus, over a three-day
period, the LISAB animals were fed 24 times more food (grams food/1adpole/day)
than the animals in the Carr study. In addition, Carr’s animals were starved for the
first five days. The data provided in 99XLFOOD?2 study show that the food level
used in the Carr study would result in severc delays in metamorphosis, slow
growth, and high mortality. In fact, LISAB SOP#30 warns under “Animal Health”
considerations:

“B. Animal Health

1. The amount of chow provided to Xenopus laevis should be increased
as animals grow. Underfeeding will result in retarded growth, development and
inability to metamorphosis, as well as increased mortality.”

(LISAB, SOP#30, page 1)

The consequences of such poor feeding are demonstrated by the figures below.
Their food level would result in retarded growth and development, low
metamorphic rates and eventually high mortality,






